Aims The objective of this study was to determine the integrative utility of measuring plasma NT-proBNP levels with echocardiography in the evaluation of dyspnoeic patients. Methods and results Of 599 emergency department patients enrolled in a clinical study of NT-proBNP at a tertiary-care hospital, 134 (22%) had echocardiographic results available for analysis. Echocardiographic parameters correlating with NT-proBNP levels were determined using multivariable linearregression analysis. Independent predictors of 1-year mortality were determined using Cox-proportional hazard analysis. Independent relationships were found between NT-proBNP levels and ejection fraction (P ¼ 0.012), tissue Doppler early and late mitral annular diastolic velocities (P ¼ 0.007 and 0.018), right ventricular (RV) hypokinesis (P ¼ 0.006), and tricuspid regurgitation severity (P , 0.001) and velocity (P ¼ 0.007). An NT-proBNP level ,300 pg/mL had a negative predictive value of 91% for significant left ventricular systolic and diastolic dysfunction. Overall 1-year mortality was 20.1% and was independently predicted by NT-proBNP level [HR 8.65, 95% confidence interval (CI) 2.7-27.8, P ¼ 0.0003], ejection fraction (HR 0.95, 95% CI 0.91-0.99, P ¼ 0.009), RV dilation (HR 2.98, 95% CI 1.05-12.8, P ¼ 0.04), and systolic blood pressure (HR 0.97, 95% CI 0.96-0.99, P ¼ 0.01). Conclusion NT-proBNP levels correlate with, and provide important prognostic information beyond, echocardiographic parameters of cardiac structure and function. Routine NT-proBNP testing may thus be useful to triage patients to more timely or deferred echocardiographic evaluation.
Introduction
The evaluation of patients with dyspnoea is often challenging because of the wide variety of cardiovascular and noncardiovascular causes to be considered. With its ability to identify or exclude abnormalities in cardiac structure and function, echocardiography is a mainstay of the diagnostic work-up of dyspnoeic patients. In patients with heart failure (HF) symptoms, echocardiography often reveals a low left ventricular ejection fraction (LVEF). Up to 50% of symptomatic patients have a preserved LVEF, and abnormal diastolic function is assumed if no valvular lesions are identified 1 ; in this regard, echocardiography may be useful in confirming diastolic dysfunction. 2 However, echocardiography takes time, is expensive, requires specialized training to perform and interpret, and thus may not be optimal for regular use in some settings, such as the emergency department. A reliable, widely available, and more cost-effective test may help streamline the selection of patients for echocardiography.
B-type peptide (BNP) and its amino-terminal fragment (NT-proBNP) accurately identify HF in dyspnoeic patients. [3] [4] [5] BNP correlates with echocardiographic indices of diastolic function and right ventricular (RV) systolic function, [6] [7] [8] [9] but the relationships between NT-proBNP and echocardiographic findings have not been established. Furthermore, the value of measuring natriuretic peptides for long-term prognostication above that of echocardiography is unclear. We performed the present investigation to better understand the integrative value of NT-proBNP testing with respect to the information gained from echocardiography in dyspnoeic emergency department patients.
Methods

Study population
This study was performed in compliance with the Declaration of Helsinki and with approval of the institutional review board of the & The European Society of Cardiology 2006. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org Massachusetts General Hospital. All patients gave written informed consent. The design and results of the PRIDE study were recently described. 3 Briefly, 599 patients presenting to the emergency department with dyspnoea were enrolled in a prospective trial examining the utility of NT-proBNP testing compared to clinical judgment for the diagnosis of acute HF. Adjudicated diagnosis of the cause of dyspnoea was determined by study physicians blinded to NT-proBNP results, using all hospital records from the first 60 days following presentation and a 60-day follow-up phone call. Diagnoses were grouped into three categories: (i) acute HF, (ii) non-cardiac dyspnoea in a patient with prior history of HF, or (iii) not acute HF.
NT-proBNP analysis
At enrolment, a blood sample was collected into EDTA-containing tubes, processed, and frozen at 2808C for later measurement of NT-proBNP using a commercially available automated immunoassay (Elecsys w proBNP, Roche Diagnostics, Indianapolis, IN, USA), performed on a Roche Elecsysw 1010 analyser. Treating clinicians were blinded to assay results.
Echocardiography
Of the 599 patients enrolled in the PRIDE study, echocardiography was determined to be indicated by the treating physicians and was performed in 135 as part of routine care. Hundred and thirtyfour studies were of sufficient quality for inclusion in this analysis. Standard two-dimensional and colour Doppler imaging was performed. Off-line analysis was performed by observers blinded to the patients' clinical data and NT-proBNP levels. Measurements were averaged over three cycles (five if atrial fibrillation was present). Structural indices included: biplane LV end-diastolic and end-systolic volume indexed to body surface area (BSA); posterior wall thickness; LV mass by the modified American Society of Echocardiography formula indexed to BSA 10 ; biplane LA volume indexed to BSA; and RV end-diastolic and end-systolic area measured in the apical four-chamber view. Left ventricular hypertrophy was defined as LV mass index .131 kg/m 2 in men or 110 kg/m 2 in women. LVEF was determined using biplane modified Simpson's measurements. Diastolic indices included: early and late transmitral diastolic velocities (E and A); early deceleration time (DT); pulmonary venous systolic and diastolic velocities (PV S and D); and early and late diastolic tissue Doppler velocities at the lateral mitral annulus (Ea and Aa). Overall diastolic stage was assigned as described by Troughton et al. 7 except pulmonary venous atrial reversal velocity that was not included. RV indices included: RV fractional area change; the presence or absence of RV hypokinesis or dilation by qualitative visual assessment; and tricuspid regurgitation (TR) velocity. Mitral regurgitation (MR) and TR severity were graded from 0 (none) to 4 (severe) on the basis of visual assessment of structural and Doppler parameters.
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Significant systolic and diastolic dysfunctions were defined as: LVEF , 50%; E/Ea . 15; and diastolic dysfunction stage 1, 2, or 3.
Statistical analysis
NT-proBNP levels were log-transformed to achieve normality. Associations between NT-proBNP and echocardiographic indices were assessed by Spearman's correlation coefficient. Comparisons between groups were performed using the x 2 test for categorical variables and the Student's t-test or Wilcoxon rank-sum test for continuous variables.
Echocardiographic factors independently correlated with NT-proBNP levels were determined by multivariable linearregression analysis with candidate variables added to a model containing NT-proBNP (as the dependent variable) and other non-echocardiographic covariates with previously reported relationships with NT-proBNP concentrations, 12 including age, gender, bodymass index, acute or prior HF, prior cardiomyopathy, hypertension, atrial fibrillation, pulse (decile), and creatinine clearance (by the Modified Diet in Renal Disease Study Group formula). Assumptions of the multivariable linear-regression model were satisfied; plots of residuals confirmed normality, whereas constancy of variance was checked by plotting regression standardized residuals against predicted values. Standardized b coefficients were generated and presented. In order to avoid co-linearity, related indices such as measures of diastolic function and diastolic dysfunction stage were added individually.
In order to identify independent clinical and echocardiographic predictors of death at 1 year following presentation with dyspnoea, Cox models were first performed to examine variables of interest, with 1-year mortality as the dependent variable. For the purposes of analysing the relationship between NT-proBNP concentrations and mortality, patients were dichotomized as a function of being above or below the median for the group as a whole of 2430 pg/mL. All covariates associated with 1-year mortality with univariable P-values ,0.05 were potentially eligible for inclusion in the final multivariable Cox model. Proportional hazard assumptions of the multivariable model were checked and were met. The results of the final multivariable model are presented. The variables in the final multivariable model were assessed in pairs for all possible first-order interactions and found to have none. For each significant predictor of death by 1 year, the hazard ratio with 95% confidence intervals (CIs) was generated. For all statistical analyses, P-values are two-sided, with a value ,0.05 considered significant.
Results
Clinical characteristics
The description of patient selection for the present analysis is detailed in Figure 1 . Among the 600 patients initially enrolled in the PRIDE study, one patient withdrew consent at 60-day follow-up, leaving 599 patients eligible for analysis. Of these, 135 (22%) underwent echocardiography, a median of 45 h [inter-quartile range (IQR) 23-73 h] after NT-proBNP measurement. One subject had insufficient echocardiographic data and was thus excluded from the analysis.
The clinical characteristics of patients with echocardiographic data compared with the rest of the PRIDE study population are shown in Table 1 , demonstrating differences consistent with the standard of care prompting Figure 1 Patient selection for the present analysis. echocardiograms at our institution. Among those with echocardiographic data, we found more severe symptoms of dyspnoea, a higher prevalence of heart disease, more frequent medication use for heart disease, worse renal function, and higher NT-proBNP concentrations when compared with those without.
Notably, the NT-proBNP level in subjects with acute HF undergoing echocardiography was similar to others in the PRIDE study with acute HF (4488 vs. 4054 pg/mL, P ¼ NS). Among those without HF, the NT-proBNP concentrations tended to be higher than in those who did not undergo echocardiography (390 pg/mL, IQR ¼ 149-1185 vs. 189 pg/mL, IQR ¼ 59-488 pg/mL; P ¼ 0.07 for difference).
NT-proBNP levels
The median NT-proBNP level among the 134 patients in this substudy was 2430 pg/mL (range 8-82200 pg/mL; IQR ¼ 637-7214 pg/mL). Ninety-one patients had NT-proBNP levels greater than the diagnostic threshold for acute HF (.450 pg/mL for patients ,50 years old and .900 pg/mL for those 50 years old).
3 Twenty-two patients had NT-proBNP levels ,300 pg/mL, a cut-point we have previously shown to have a negative predictive value (NPV) of 99% for the clinical diagnosis of acute HF. 3 Echocardiographic findings and NT-proBNP levels A summary of the echocardiographic findings is presented in Table 2 . The median NT-proBNP level was 1150 pg/mL (IQR 679-3070 pg/mL) in patients with LVEF 50% and 4686 pg/mL (IQR 1989-12796 pg/mL) in those with LVEF ,50% (P ¼ 0.001).
Univariable correlations between log NT-proBNP levels and echocardiographic indices are shown in Table 3 . Several indices of diastolic function correlated with NT-proBNP levels, as did increasing severity of diastolic dysfunction, from normal (1703 pg/mL, IQR ¼ 476-6605 pg/mL) to stage 1 (2264 pg/mL, IQR ¼ 352-11862 pg/mL), stage 2 (2590 pg/mL, IQR ¼ 1874-8284 pg/mL), and stage 3 (7835 pg/mL, IQR ¼ 3684-16635 pg/mL; P ¼ 0.05 for trend across groups). RV hypokinesis correlated with NT-proBNP levels ( Figure 2A) , although RV dilation and RV fractional area change did not. NT-proBNP levels were higher with increasing TR (Figure 2B ), but not MR severity. The associations between NT-proBNP levels and these echocardiographic indices were preserved whether or not patients had LVEF ,50%.
As shown in Table 4 , the echocardiographic indices that remained independent predictors of log NT-proBNP levels in multivariable analysis were LVEF, tissue Doppler Ea and Aa, the presence of RV hypokinesis, TR severity, and TR velocity.
NPV of NT-proBNP
An NT-proBNP level ,300 pg/mL had a NPV of 91% for the exclusion of significant systolic or diastolic abnormalities: LVEF , 50%; E/Ea . 15; and diastolic dysfunction stage 1, 2, or 3. The NPV decreased to 68% with inclusion of the following factors: Ea , 8 cm/s, LA volume index .32 mL/m 2 , regional wall motion abnormality, and LV mass index .131 g/m 2 in men or .110 g/m 2 in women. The addition of RV criteria of greater than mild TR, RVSP .40 mmHg, and the presence of RV hypokinesis or dilation reduced the NPV to 63%.
NT-proBNP levels, echocardiographic findings, and 1-year mortality
Overall mortality among the 134 patients was 20.1% at 1 year. As seen in Table 5 , NT-proBNP levels in excess of the median value of 2430 pg/mL, LVEF, the presence of RV dilation, and systolic blood pressure were independent predictors of 1-year mortality. Considering NT-proBNP results in the context of echocardiographic results, patients with an NT-proBNP level above the median value, LVEF ,50%, and/or the presence of RV dilation demonstrated incremental increases in the risk for mortality with the addition of each factor. As seen in Figure 3A , the average 1-year mortality for patients stratified by these factors was 10% if no factors present; 21% if one factor; 30% if two factors; 40% if three factors (P ¼ 0.001 for trend). This risk was sustained to the first year after enrolment ( Figure 3B ; log-rank P ¼ 0.038). Only two of the 22 subjects with an NT-proBNP level ,300 pg/mL died by 1 year; accordingly, the NPV of an NT-proBNP level ,300 pg/mL for 1-year mortality was 91%. 
Discussion
Measurement of NT-proBNP and BNP levels is increasingly utilized in the evaluation of dyspnoeic patients with suspected HF. 3, 4 Natriuretic peptide levels can reflect LV systolic 13, 14 and diastolic function, 7, 15, 16 RV function, 17 and valvular heart disease, 18 and understanding these complex relationships may elucidate the physiology of natriuretic peptide release and guide the management of dyspnoeic patients.
Our study demonstrates that in patients presenting to the emergency department with dyspnoea, elevated NT-proBNP levels not only correlate with the presence of echocardiographic abnormalities but also provide important prognostic information beyond such findings. Low NT-proBNP levels, in contrast, identify patients at very low risk for mortality and predict a low likelihood for clinically significant echocardiographic abnormalities such as impaired LV systolic or diastolic function. As a result, routine NT-proBNP testing may be valuable not only to diagnose or exclude HF but also to discriminate between patients in whom timelier echocardiographic evaluation would be indicated and those in whom echocardiography might be deferred or avoided altogether.
Many echocardiographic indices have been suggested to predict long-term mortality and morbidity. Although some have shown that LVEF predicts cardiovascular mortality, 1, 19 others suggest that the mortality risk of patients with HF symptoms and preserved LVEF approaches that of patients with impaired LVEF. [20] [21] [22] Our data would support the latter hypothesis, as NT-proBNP levels-which are elevated in patients with HF and preserved LVEF-were the most powerful predictor of death in our cohort. Other echocardiographic indices that may predict outcome include LA and LV dimensions, 23, 24 transmitral filling patterns, 23, 25, 26 tissue Doppler Ea, 27 E/Ea, 28 RV dilation and dysfunction, 29 and TR. 30 Although each of these in the proper context may be independently predictive of mortality, our study of echocardiography performed in a standard of care fashion demonstrates that the integration of simple, routinely assessed parameters (LVEF and RV dilation) with results from a widely available blood test (NT-proBNP) may stratify a dyspnoeic patient's risk for mortality.
Natriuretic peptides may be powerful predictors of mortality in diverse patient populations because the physiology Figure 3 Relationship between the independent predictors of mortality and likelihood for death. With each added factor (NT-proBNP, LVEF ,50%, and RV dilation), the percentage of subjects dying by 1 year rose (A), a risk that was sustained over the first year following enrolment (B).
of their release allows them to serve as a 'global marker' for abnormal cardiac structure and function. NT-proBNP and BNP predict mortality and cardiovascular events in population-based studies, 28 in patients with chronic HF 31, 32 or hospitalized for HF, 33, 34 after acute coronary syndromes, 35 and in those with hypertension and left ventricular hypertrophy. 36 There have been fewer studies incorporating both natriuretic peptide levels and echocardiography in prognostication, but BNP and NT-proBNP may be superior to LVEF for predicting death in several cardiovascular disease states. [37] [38] [39] In 116 patients hospitalized with HF who underwent BNP testing and echocardiography pre-discharge, BNP and diastolic function (E/Ea) were independent predictors for the combined endpoint of cardiac mortality and re-hospitalization for HF. 40 In a study of 95 patients admitted to the intensive care unit with acute decompensated HF, BNP, a restrictive diastolic filling pattern, and pulmonary hypertension at the time of admission, but not echo indices obtained at 24 h and 7 days, correlated with prognosis. 41 In contrast, our results indicate that LVEF and RV dilation, assessed an average of 2 days after presentation, may still have prognostic value.
Integrating echocardiography and natriuretic peptide testing
In patients hospitalized with dyspnoea and suspected HF, routine evaluation often includes echocardiography, which may not occur until days into hospitalization. Our findings suggest that natriuretic peptide testing may aid in targeting echocardiography for those patients more likely to have a cardiac abnormality, whereas avoiding an unnecessary test in others. Multiple studies have demonstrated the costeffectiveness of natriuretic peptide measurement to screen for undiagnosed LV systolic dysfunction and to preselect patients for echocardiography in the ambulatory setting, 42, 43 and our data suggest its potential benefit among dyspnoeic inpatients. As an example, using an NT-proBNP cutoff level of 300 pg/mL, a potential 22 echocardiograms in our substudy could have been avoided or deferred to the outpatient setting, with considerable cost-savings and potentially without risk of adverse consequences, as only two patients with NT-proBNP levels ,300 pg/mL died by 1 year, and neither had acute HF or significant abnormalities on echocardiography. Prospective cost-effectiveness studies of natriuretic peptide-guided management in the inpatient setting are needed; preliminary data from our group suggest significant cost-savings with such an approach.
Limitations
The patients in this analysis represent a subset of the PRIDE study population, which may have introduced selection bias. It is worth noting that the managing clinicians were blinded to NT-proBNP results, which therefore did not influence the decision to pursue echocardiography. As well, our interpretation of the results is based on this inherent bias, namely, that NT-proBNP may be useful in the context of this standard of care. Another limitation is that NT-proBNP measurement and echocardiography were not performed simultaneously. The delay until echocardiography may be expected to influence our identification of correlations between NT-proBNP levels and echocardiographic parameters, and our observations may not apply to all situations. We believe our results remain informative, as they are representative of standard of care utilization of echocardiography in the inpatient setting. Our study was a retrospective analysis of subjects with echocardiographic data obtained as a function of standard of care, thus the sample size was not a priori defined, and as such, our power might not be adequate for more in-depth analyses; nonetheless, our results are robust and now have prospective validation in properly powered cohorts. Finally, the number of endpoints is lower than ideal for the number of variables examined in the multivariable analysis for predictors of 1-year mortality.
Conclusions
In a group of dyspnoeic patients in whom echocardiography was felt to be clinically indicated, we found that elevated NT-proBNP levels correlated with several important echocardiographic indices of cardiac structure and function and identified subjects with a high risk of adverse outcomes at 1 year. Conversely, a low NT-proBNP level excluded many significant echocardiographic abnormalities, particularly those involving the LV, and was associated with a very low risk of 1-year mortality. These findings extend the understanding of the relationship between NT-proBNP concentrations and findings on echocardiography and may be clinically useful in streamlining the diagnostic evaluation of dyspnoeic patients.
